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Percutaneous pulmonary artery biodegradable stent: a new armament

to fight pulmonary artery stenosis?
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To the Editor: Pulmonary artery stenosis can be caused by
numerous factors, such as tetralogy of Fallot, pulmonary
atresia, tricuspid atresia with pulmonary artery stenosis,
atresia combined with another congenltal heart disease
and pulmonary circulation dysplasia,!™?! William syn-
drome, and Alagille syndrome. Additionally, pulmonary
artery branch stenosis can be the consequence of some
genetic metabolic diseases, such as congenital rubella.!!
Most cases of pulmonary stenosis require surgical
intervention.

Conventional surgical angioplasty of pulmonary artery
necessitates cardiopulmonary bypass, which has a negative
impact on the child’s cardiopulmonary function. In
addition, the surgical protocol requires the dissociation
of the distal branch of the pulmonary artery. This
procedure causes significant trauma and often fails to
dissociate the culprit lesion, ultimately resulting in an
unsuccessful operation. Therefore, traditional surgical
procedures are ineffective for distal pulmonary artery
stenosis or long tubular stenosis and are associated with a
high probability of restenosis. Over the past 30 years, stent
implantation for pulmonary artery stenosis has developed
rapldgf and has become the preferred treatment meth-

In adults and older children with simple pulmonary
artery stenosis, percutaneous stent implantation via
femoral vein is often selected to relieve pulmonary artery
stenosis while avoiding thoracotomy. This procedure is
widely accepted because it minimizes the trauma, and
ensures fast recovery, good therapeutlc outcome, and low
rate of restenosis.!® Currently, the main metallic materials
used for stent manufacturing are stainless steel, platinum-
iridium alloy, tantalum, titanium, nickel-titanium alloy,
and cobalt-chromium alloy.

According to the method by which the stents are deployed,
they can be categorized into self-expanding and balloon-
expandable stents. Self-expanding devices are made mostly
of super-elastic nickel-titanium alloys, which can recover
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to their original shape after deployment. During its
delivery to the lesion site, the stent can be enclosed in a
small transport sheath so that it can pass easily tortuous
vessels. It is also suitable for use in longer vascular lesions.
However, due to the limited mechanical strength of the
nickel-titanium alloy, it is seldom used in the treatment of
pulmonary artery branch stenosis after the surgery for
congenital heart disease.

Currently, pulmonary artery stents are used clinically in
the following cases: (1) In patients with simple pulmonary
artery stenosis to relieve pulmonary artery stenosis without
performing thoracotomy; (2) In patients with cardiac
malformations, as a part of surgical mosaic therapy, such
as the percutaneous implantation of pulmonary artery
stent for residual pulmonary artery branch stenosis in the
tetralogy of Fallot; and (3) As a palliative treatment, that is,
in cases of a narrow external canal from right ventricular
outflow tract to the pulmonary artery, stent implantation
can extend the lifespan of the external canal, eliminating
the need for a cardiopulmonary bypass and reducing the
surgical trauma in children.

Drug-eluting stents (DESs) release factors inhibiting the
excessive proliferation of neomtlmal cells, thereby reduc-
ing the incidence of restenosis.! Rapamycm eluting stents
from Cypher, and paclitaxel-eluting stents from Cordis
(Marlborough, MA) and Boston Scientific (Marlborough,
MA) were milestones in the history of percutaneous
transluminal coronary interventions. However, the use of
non-biodegradable DES can result in cause delayed
endothelialization, in-stent thrombosis, poor long-term
stent adherence, aneurysms at stent sites, inflammation,
and polymer-induced allergic reactions. These adverse
effects lead to restenosis in some patients, and revasculari-
zation is required.

To solve these problems, biodegradable stents have been
developed. To ensure optimal performance of the stent,
biodegradable materials needed to be designed and
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developed. These materials should be susceptible to
hydrolysis and degradation in the presence of tissue fluids,
various enzymes secreted by the cells, so that they could be
eventually decomposed into short polymers and small
molecules, and absorbed by the organism. However, the
degradation products could enter the metabolic system of
the body, or induce the growth of specific cells triggering
the formation of new tissue. Thus, the ideal pulmonary
artery biodegradable stent should have the following
characteristics: (1) good histocompatibility; (2) ability to
provide adequate mechanical support early after implan-
tation; (3) biodegradability with the degradation products
being harmless to the body; and (4) ability to carry more
anti-proliferative drugs than the metal stent and slowly
release them locally. At present, based on the material
used, biodegradable stents can be divided into two types:
polymer and metal. A large variety of stents are made of
polymers; poly-L-lactic acid is and commonly used.
However, the mechanical strength of polymer stents is
poor, necessitating an increased thickness of the stents
to compensate for this deficiency, thus limiting their
application in small-diameter vessels. In addition, by-
products released after degradation of these stents, such as
catalysts and solvents, are harmful to tissues and may
trigger local inflammation. Finally, the degradation rate of
polymer stents is slow and the incidence of restenosis rate is

high.

Degradable metallic materials are generally composed of
iron and magnesium. Recently, zinc has also shown reat
potential in the fabrication of degradable stents.®! In
comparison with polymer stents, metal-based biodegrad-
able stents have several advantages: (1) Sufficient strength
of support, particularly relevant in narrow blood vessels;
(2) Tron and magnesium, the two main components of
metal stents released during degradation, are not toxic to
the human body; (3) Rapid degradation preventing the side
effects of the prolonged presence of a foreign body in the
blood vessel, such as inflammation or thrombosis; (4) The
ability of oxidative metabolites of iron to inhibit neo-
intimal hyperplasia and thrombosis, and acceleration of
intimal formation by metabolites of magnesium, as
demonstrated in animal studies; and (5) The implantation
of biodegradable stents may induce remodeling of stenosed
vessels spontaneous development of new vessels.

Degradable stents have many clinical applications. (1)
Establishment of a biologic conduit from the right
ventricular outflow tract to the extrapulmonary duct.
Based on a retrospective study with a 10 years follow-up,
Aggarwal and co-workers!”! concluded that the implanta-
tion of degradable stents is effective in the treatment of
stenosis or restenosis of the right ventricular extrapulmo-
nary duct. (2) Treatment of pulmonary artery branch
stenosis. Stent implantation for the treatment of pulmo-
nary artery branch stenosis in patients with congenital
heart disease was first reported in the 1980s and is
currently widely accepted. (3) Internal and surgical mosaic
therapy. Some cases of distal pulmonary artery stenosis
may be associated with an unnecessary injury to the
patients due to the inaccessibility of surgery or the need for
cardiopulmonary bypass of extended duration. van
Gameren and collaborators!'?! treated congenital heart
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disease accompanied by peripheral vascular stenosis using
a combination of trans-catheter intervention and surgery.
This protocol was demonstrated to be an effective and safe
way to treat complicated cases of congenital heart disease.

Alloy magnesium and magnesium alloys are biodegradable
and absorbable, outperforming in this regard other
traditional metallic materials. Moreover, they possess
superior physical and mechanical properties, such as low
density, high specific strength and specific stiffness, high
flexural toughness, and are easy to process. Magnesium
participates in multiple physiologic processes, but the small
amounts that could be released from the stent will not
cause damage to the human body. These advantages make
magnesium-based biomaterials an attractive subllect in the
field of metal stents. Zartner and colleagues!'! reported
for the first time the use of a degradable metal stent in a 26-
week premature infant. Implantation of a magnesium alloy
degradable stent was into the left pulmonary artery
significantly improved its perfusion.

The most significant problem with magnesium alloy stents
is their rapid rate of degradation by corrosion. As a result,
they easily lose the ability to support blood vessels. The
rapid corrosion of magnesium can also result in an increase
of pH around implants, which may lead to alkali
poisoning. Moreover, corrosion of magnesium can gener-
ate a large amount of H,. Therefore, strategies for effective
control of the rapid corrosion of magnesium alloy stents
are urgently needed. Modifications of the stent surface are
frequently used to control the corrosion rate of magnesium
and its alloys; they include physical methods, chemical
deposition, electrochemical deposition, and organic and
polymer coatings. Among these methods, micro-arc
oxidation is used most frequently. However, the coating
obtained by a traditional micro-arc oxidation technology
yields a rather porous structure, and the large size of the
pores facilitates the corrosion of magnesium alloy by body
fluids. In addition, long-term friction between micro-arc
oxidation stent and blood vessel wall can cause inflamma-
tion and even restenosis. To counteract this phenomenon,
vascular stents are designed to carry drugs, for example,
rapamycin, L-ascorbic acid that, when released locally,
inhibit excessive proliferation of neointima. However, at
present, only one type of drug molecules can be
incorporated in the stents for clinical use, restricting the
possibility of achieving the desired effect. To compensate
for the lack of resistance to corrosion of traditional micro-
arc oxidation coatings, the current research efforts are
focused on the preparation of multi-stage composite
coatings on the magnesium alloy surface. However, only
a few studies on the inhibition of restenosis by composite-
coated DESs are available, and the specific mechanism of
their action remains unclear.
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